Axelrod's model differs from other models of opinion dynamics because it accounts for homophily and in a square lattice it exhibits culturally homogeneous as well as culturally fragmented absorbing configurations. In the case the agents are characterized by F = 2 cultural features and each feature assumes k traits drawn from a Poisson distribution of parameter q these regimes are separated by a continuous transition at qc ≈ 3.15. Here we show that the mean density of cultural domains is an order parameter of the model and that the phase transition is characterized by the critical exponents β = 1/2 and ν = 3/2 that sets it apart from the known universality classes of nonequilibrium lattice models.
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PACS numbers: 87.23.Ge, 89.75.Fb, 05.50.+q Homophily, i.e., the tendency of individuals to interact preferentially with similar others and social influence have long been acknowledged as major factors that influence the persistence of cultural diversity [1, 2] . The manner these factors affect diversity, however, has begun to be understood quantitatively after the proposal of an agent-based model by the political scientist Robert Axelrod in the late 1990s only [3] . In Axelrod's model, the agents are represented by strings of cultural features of length F , where each feature can adopt a certain number k of distinct traits. Here the term culture is used to indicate the set of individual attributes that are susceptible to social influence. The homophily factor is taken into account by assuming that the interaction between two agents takes place with probability proportional to their cultural similarity (i.e., proportional to the number of traits they have in common), whereas social influence enters the model by allowing the agents to become more similar when they interact. Overall, the conclusion was that the homophilic interactions together with the limited range of the agents' interactions lead to multicultural steady states [3] . Relaxation of any of these conditions results in cultural homogenization [4] [5] [6] .
In Axelrod's model, there are two types of absorbing configurations in the thermodynamic limit [7] [8] [9] : the ordered configurations, which are characterized by the presence of at least one cultural domain of macroscopic size, and the disordered absorbing configurations, where all domains are microscopic. In time, a cultural domain is defined as a bounded region of uniform culture. According to the rules of the model, two neighboring agents that do not have any cultural trait in common are not allowed to interact and the interaction between agents who share all their cultural traits produces no changes. Hence at the stationary state we can guarantee that any pair of neighbors are either identical or completely different regarding their cultural features. In fact, a feature of Axelrod's model that sets it apart from most lattice models that exhibit nonequilibrium phase transitions [10] is that all stationary states of the dynamics are absorbing states, i.e., the dynamics always freezes in one of these states. This contrasts with lattice models that exhibit an active state in addition to infinitely many absorbing states [11, 12] and the phase transition occurs between the active state and the (equivalent) absorbing states. In Axelrod's model, the competition between the disorder of the initial configuration that favors cultural fragmentation and the ordering bias of social influence that favors homogenization results in the phase transition between those two classes of absorbing states in the square lattice [7] . Since the transition occurs in the properties of the absorbing states, it is static in nature [13] .
Here we address a variant of Axelrod's model proposed by Castellano et al. that is more suitable for the study of the phase transition exhibited by the model [7] . In the original Axelrod's model, the initial values of the F cultural traits of the agents are drawn randomly from a uniform distribution on the integers 1, 2, . . . ,q. The fact that both parameters of the model -q and F -are integers make it impossible to determine whether the transition is continuous or not, let alone to say something meaningful about the class of universality of the phase transition. A natural way to circumvent this problem is to draw the initial integer values of the cultural traits using a Poisson distribution of parameter q ∈ [0, ∞),
with k = 0, 1, 2, . . .. As in the case the traits are chosen from a uniform distribution, Castellano et al. showed that the Poisson variant exhibits a phase transition in the square lattice with the bonus that they were also able to show that the transition is continuous for F = 2 and discontinuous for F > 2 [7] . Here we focus on the continuous transition for Once the initial configuration is set, the dynamics proceeds as in the original model [3] . In particular, at each time we pick an agent at random (this is the target agent) as well as one of its neighbors. These two agents interact with probability equal to their cultural similarity, defined as the fraction of common cultural traits. An interaction consists of selecting at random one of the distinct traits, and making the selected trait of the target agent equal to its neighbor's corresponding trait. This procedure is repeated until the system is frozen into an absorbing configuration.
Once an absorbing state is reached we count the number of cultural domains (N ) and record the size of the largest one (S max ). Average of these quantities over a large number of independent runs, which differ by the choice of the initial cultural traits of the agents as well as by their update sequence, yields the measures we use to characterize the statistical properties of the absorbing configurations. Let us consider first the mean density of domains µ = N /L 2 . This quantity is important because it determines whether the number of domains is extensive or not in the thermodynamic limit. In the standard percolation, which exhibits a similar static phase transition, µ is continuous and non-zero at the threshold [14] . The situation is quite different in Axelrod's model as illustrated in Fig. 1 , which shows the mean density of domains as function of the Poisson parameter q. The data suggest that for q less than some critical value q c the density of domains vanishes in the thermodynamic limit and so that there must exist a few macroscopic domains in this region. For q > q c the number of domains scales linearly with the number of sites in the lattice and so we cannot distinguish between the situation where a few macroscopic domains coexist with an extensive number of microscopic ones and the situation where all domains are microscopic. This distinction will be made later when we the study the size of the largest domain. Since Fig.  1 indicates that the first derivative of µ is discontinuous at q c and that µ behaves as an order parameter of the model, we will assume that µ ∼ (q − q c ) β where β > 0 is a critical exponent. In addition, for finite but large L the finite scaling theory yields [15] 
where the scaling function is f (x) ∝ x β for x 1 and ν > 0 is a critical exponent that determines the size of the critical region for finite L. Use of the finite size scaling equation (2) allows us to produce quantitative estimates for the critical parameter q c and for the critical exponents β and ν. For instance, according to this equation, µ should decrease to zero as a power law of L at q = q c and in Fig. 2 we explore this fact to determine q c as well as the ratio β/ν. The very slight bending upward of the data for q = 3.15 observed for L > 1000 indicates that q c is a little lower than q = 3.15, but the estimated power-law exponent (β/ν = 1/3) is clearly insensitive to such small variations in the value of q c . Within the accuracy of our data we have q c = 3.15 ± 0.05, though the uncertainty is certainly greatly overestimated. Once we have the estimates for q c and the ratio β/ν, eq. (2) allows us to obtain the exponent ν since it implies that the correctly scaled mean density of domains is independent of the lattice size when plotted against the correctly scaled distance to the critical parameter. Figure 3 shows that the collapse of the data for different L happens with the choice ν = 3/2. To appreciate the goodness of this data collapse we note that the vertical size of the symbols in Fig. 3 amounts to 0.002 units of the ordinate and so a change in the fourth decimal place of µ is enough to produce a perceptible effect in the figure.
To minimize these fluctuations we used 10 5 independent runs in the estimate of µ shown in Fig. 3 .
Since ν = 3/2 implies β = 1/2 because of our previous estimate of the ratio β/ν, we return to Fig. 1 and fit the data for L = 1000 in the region near q c using the fitting function µ = A (q − q c ) β , where A is the sole adjustable parameter. The resulting fit, which is shown by the solid line in Fig. 1 , validates our estimates of the critical quantities.
We turn now to the study of the standard order parameter of Axelrod's model, namely, the mean fraction of lattice sites that belong to the largest domain ρ = S max /L 2 (see, e.g., [6, 7, 13] ). Figure 4 shows the dependence of ρ on the Poisson parameter q. The first challenge is to determine the critical point q ρ c for the order parameter ρ since we cannot assume a priori that q ρ c = q c . In fact, the situation q ρ c ≥ q c is a physical possibility since µ > 0 and ρ > 0 characterize a phase where a finite number of macroscopic domains coexist with an extensive number of microscopic domains as in the ordered phase of the standard percolation. Of course, the other situation, q illustrated in Fig. 5 . The fluctuations of ρ are considerably larger than those of µ, and this is the reason we have omitted in this figure the data for L = 1500 and L = 2000 for some values of q. But the real difficulty here is the tendency of the curves to level off at intermediate values of L and then resume their decrease towards zero as L becomes very large. Nevertheless, the data of Fig. 5 indicate that ρ > 0 for q = 3.1 and ρ → 0 for q = 3.2 in the limit L → ∞. Hence, within the accuracy of our analysis we can assume that q ρ c = q c = 3.15. In addition, fitting the data for q = 3.15 in the region L > 500 yields the same ratio for the exponents β and ν, i.e, β/ν = 1/3 as that found in the analysis of the order parameter µ (see solid line in Fig. 5 ). However, because the correct asymptotic behavior of ρ takes places for L > 500 only, a data collapse similar to that shown for µ in Fig. 3 is undoable for the order parameter ρ. We conjecture then that the critical exponents assume the values β = 1/2 and ν = 3/2 regardless of the choice of the order parameter, µ or ρ. As before, we can check the validity of the estimate of β and q ρ c = q c by fitting the data for L = 1000 shown in Fig. 4 with the function ρ = C (q c − q)
β , where C is the sole adjustable parameter (see solid line in Fig. 4) . The finding that β = 1/2 yields a good fit of the data near q c is most reassuring as we can then characterize the continuous phase transition of Axelrod's model without regard to the order parameter used to distinguish between ordered and disordered absorbing configurations.
We are finally in a position to characterize the two phases of Axelrod's model for F = 2. For 0 < q < q c we have µ → 0 and 0 < ρ < 1, and so the ordered phase consists of two or more macroscopic domains in addition to a non-extensive number of microscopic ones, whereas for q ≥ q c we have µ ≥ 0 and ρ → 0 and so the disordered phase must consist of an extensive number of microscopic domains. We note that due to the somewhat pathological dependence of the standard order parameter ρ on the lattice size L illustrated in Fig. 5 , a study of the nature of the phase transition of Axelrod's model based on this parameter only would be practically impossible: it is no wonder that [7] refrained even from offering an estimate for q c . In addition, since the dynamics takes a very long time to relax to absorbing configurations characterized by macroscopic cultural domains, the simulations are typically much slower in the regime q < q c where ρ is nonzero than in the regime q > q c where µ is nonzero. It is very fortunate that the model exhibits a well-behaved alternative order parameter, namely, the mean density of domains µ, whose analysis provided the clues to understand the troublesome behavior of ρ. We are not aware of any nonequilibrium phase transition that exhibits the exponents β = 1/2 and ν = 3/2, although this set is consistent with the thermal equilibrium transition of Baxter (eight vertex) model for which the scaling law 4β = 2ν −1 is valid [16] .
Rather than modelling any particular social process using Axelrod's model, our aim here was to understand the nature of the continuous nonequilibrium phase transition of the Poisson variant of the model that was first reported in 2000 [7] . The transition is static in nature and separates two types of absorbing configurations. Other popular models of opinion spreading such as the voter model and the majority-vote model, which include social influence but not homophily, exhibit only one type of absorbing configuration, usually the one characterized by the opinion consensus [17] (see, however, [18] [19] [20] for models where the absorbing configurations are those characterized by opinion diversity). Perhaps because of this distinctive feature of the phase transition -both phases are characterized by highly degenerate absorbing configurations which can be distinguished by the density of domains -it is identified by a set of critical exponents (β = 1/2 and ν = 3/2) that sets it apart from the known universality classes of nonequilibrium lattice models.
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